ABSTRACT Summary: Promoter Extraction from GenBank (PEG) extracts promoter sequences for large sets of genes using information present in GenBank. For a gene whose promoter sequence is not found, PEG will attempt to extract promoter sequences of the orthologous genes instead.
INTRODUCTION
While a number of programs and databases have been developed for discovering and detecting regulatory elements that are common in promoter sequences of co-regulated genes, there is no publicly available tool for extracting promoter sequences based on annotations in databases like GenBank and EMBL. Given a gene, obtaining its promoter sequence of a sufficient length typically requires reviewing multiple GenBank records for promoter-related annotations, as well as performing several BLAST searches for extending the sequences (Altschul et al., 1997; Tatusova and Madden, 1999) . Those tasks, done by hand, can be laborious and time consuming, especially when it is necessary to find promoter sequences for a large number of genes.
To address such difficulties, we designed a software tool, Promoter Extraction from GenBank (PEG), to extract promoter sequences automatically based on annotations in GenBank. PEG can effectively collect promoter sequences for large sets of genes and therefore, facilitates large-scale promoter studies. Since over 30% of human genes are alternatively spliced, we designed PEG to search for alternative promoters for an input gene. Moreover, PEG tries to extract orthologous promoters of the input gene. This is motivated by the observation that comparative analysis of the orthologous promoters often improve the accuracy of transcription factor binding site prediction, because the putative sites conserved across species are * To whom correspondence should be addressed. more likely to be functional than the ones predicted based on a single promoter.
PROGRAM DESCRIPTION
Input to PEG can be GenBank accession/GI numbers or sequences in fasta format. PEG identifies promoter sequence(s) for an input gene in three steps. First, PEG finds mRNAs of the input gene with the longest 5 end because promoters are usually located upstream from the beginning of complete transcripts. Next, PEG gathers information on Transcription Starting Sites (TSSs) by parsing the GenBank records of sequences that significantly match the region around the 5 ends of the mRNAs obtained in previous step. Finally, if TSS information is available for the gene, PEG extracts promoter sequences accordingly; otherwise, PEG attempts to identify orthologs of the input gene and extract promoter sequences for each of the orthologous genes. The rest of this section describes the process of extending mRNAs, searching for TSS, and identifying orthologous promoters in more detail.
Extending of mRNA PEG searches for the most 5 mRNAs of the input gene † by iteratively extending mRNA sequences at the 5 end. At each iteration, PEG BLASTs the 5 portion of the mRNA against sequence databases (e.g. the non-redundant database at NCBI). BLAST hits are screened based on their matching quality-a hit is considered significant if it (a) matches the query sequence over a region >30 bp at >95% identity, (b) has <50 bp unmatched regions at the end (to allow small sequencing errors or vector contaminations), and (c) matches the query sequence at >90% identity in >90% of the overlapping regions (to make sure all the overlapping regions are highly similar). The significant hit that most extends the query sequence at the 5 end is accepted as the new query sequence for the next iteration and the process terminates when there is no further extension possible. To detect alternative promot- † If the input is a sequence, PEG first identifies mRNAs in GenBank that corresponds to the same gene. If the input is an accession/GI number of a genomic sequence, PEG first finds mRNAs of the same gene.
ers, PEG keeps track of mRNAs with distinct 5 ends and extends each of them separately. At this step, PEG extends only mRNA sequences to avoid spurious matches caused by repeats in genomic sequences of higher organisms. Searching of TSS PEG searches for TSS-related annotations or ATG-related annotations in GenBank records of sequences that significantly match the genomic region around the 5 portion of the mRNA obtained from the previous step. TSS-related annotations include exon1, primary transcript, TATA, CAAT, promoter, 5 cap, 5 UTR, 5 clips, precursor RNA, and mRNA, etc. ATG-related annotations include CDS, signal peptide, and mature peptide, etc. PEG detects errors in annotations and reconciles contradictions among the annotations by assigning different levels of confidence to different types of annotations. For example, ATGrelated annotations that correctly map to a start codon are taken as references for other annotations, while plausible TSS-related annotations, such as annotations for exon1 or mRNA, are subjects of further validations. In fact, only annotations that are consistent with each other are used to determine the locations of TSSs, based on which the promoter sequences are extracted ‡ .
Processing of orthologs
For a gene whose promoter sequence is not found by the above procedure, PEG searches for promoters of its orthologous genes. Determining orthologous relationships on the fly can be error-prone; therefore PEG relies on orthologous pairs that have been determined previously. Currently, most of the orthologous relationships used by PEG are derived from the mammalian section of the TIGR Orthologous Gene Alignment (TOGA) database (Version 2.0, Released October 12, 2000) developed by The Institute for Genomic Research (TIGR). A file containing orthologous gene groups is distributed as a part of PEG, and the user can easily modify this file to incorporate additional orthologous relationships.
In summary, PEG is designed to extract promoters automatically based on annotations in GenBank. It is able to identify alternative promoters as well as orthologous promoters. Here we present an example to illustrate how PEG detects two promoters for the gene in GenBank record AA290261, a 3 EST. PEG first extended AA290261 at the 5 end. Among several mRNAs whose 3 portion match AA290261, D13139 and AK002380 were found to have distinct 5 ends. PEG further extended each of the two mRNAs separately and found TSS annotations in U48390 and U48389 respectively. Based on information on those two TSSs, PEG extracted two promoter sequences from genomic sequence AC023833. ‡ In the case where PEG detects multiple TSSs, if two successive TSSs are more than 500 bp apart, both of them are used to extract promoter sequences; otherwise, only the most 5 TSS, or the most 5 major TSS, is used.
To assess the performance of PEG, we have applied it to gene clusters derived from microarray experiments for cell cycle genes (Ishida et al., 2001) . For almost all the clusters we have examined, PEG identified all the promoters that were identified manually, while for a number of genes, PEG also detected additional alternative promoters (data not shown).
DISCUSSION
PEG has a number of parameters, and the most important ones are the cutoffs that determine whether a BLAST hit is significant. Raising those cutoffs leads to fewer but probably more trust-worthy promoter sequences. To take advantage of an automation software like PEG, the user should run it with the default parameters first and inspect the intermediate steps/BLAST alignments involved in reaching the final promoter sequences. Based on those intermediate steps, the user can decide whether to accept a promoter sequence or to adjust parameters and rerun PEG.
In search of TSS annotations, PEG examines GenBank records whose sequences overlap with the region (e.g. 5 kb) upstream from the most 5 end of the transcripts of the input gene. Therefore PEG will miss a promoter if it is too far upstream. Additionally, PEG will also miss a promoter if the genomic sequence between the TSS and the ATG is not in the sequence databases (e.g. non-redundant database and high throughput genomic sequence database). Such a situation rarely occurs if the user is interested in finding promoters for human or mouse genes. In general, combining a sequence alignment-based approach like PEG with a name-search approach can avoid missing such promoters.
